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1. (cuirently amended) A fractional-N synthesizer comprises: 

forward path operably coupled to produce an output frequency from a reference 
frequency and a feedback reference frequency that is based on a divider value; 

configurable feedback path operably coupled to produce the ffteAh^rk frequency, wherein 
the configurable feedback path includes: 

first feedback path used to provide the feedback frequency when a fractional 
value of the divider value is within a range of fractional values; and 

second feedback path used , in cotnbinMion with the first feedback path> to provide 
the feedback frequency when the fractional value of the divider value is not 
within the range of fractional values. 

2. (original) The fractional-N synthesizer of claim 1, wherein the forward path further 
comprises: 

phase-frequency detector operably coupled to receive tlie reference frequency and the 
feedback frequency, wherein tlie phase-frequency detector produces a difference signal 
hasc^ on fhft phase-frequency difference between the reference frequency and the 
feedback frequency; 

chat^e pump operably coupled to receive the difference signal and produce therefrom a 
charge-up signal or a charge-down signal; 

low pass filter operably coupled to filter the charge-up signal or the chcurge-down signal 
to produce a filtered signal; and 
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controlled osciUator operabiy coupled to produce the output frequency based on the 
filtered signal. 

3. (original) The fractionaUN synthesizer of claim 1, wherein the configurable feedback 
path fuithcr comprises: 

Sigma delta modulator operabiy couple to receive the fractional value or a modified 
fractional value and produce tlieiefiuni a references digital signal; 

summing module operabiy coupled to sum the reference digital signal with an integer 
value of the divider vuluc or a modified int^er value to produce a fu^t divider select 
signal; 

luulijplcxur operabiy coupled to provide an output of the first feedback path as a partial 
feedback frequency when the fractional value of the divider value is within the raiiRe of 
fractional values and to provide an output of the second feedback path as the partial 
feedback flrequency when the fractional value of the divider value is not within the range 
of fractional values; and 

sclcciablc divider upenibly coupled to produce the feedback frequency from the partial 
feedback frequency based on the first divider select signal. 

4. (original) The fractionaJ-N synthesizer of claim 3, wherein tihe first feedback path 
further comprises: 

a fixed divider that divides the output frequency by a fixed integer value to produce the 
partial feedback frequency. 

5. (origirial) The fractional-N synthesizer of claim 4, wherein the fixed divider divides the 
output frequency by a fixed integer value to produce an I component and a Q component 
of the output frequency, wherein the second feedback path further comprises; 
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second selectable divider that divides the I and Q components of the output frequency by 
a selected divisor to produce a reference I frequency and a reference Q frequency; 

I mixer operably coupled to mix the reference T frequency witli the I cumponcnL of the 
output frequency to produce a first mixed frequency; 

Q mixer operably coupled to mix the refei eixce Q IicqutTicy with the Q component of the 
output frequency to produce a second mixed frequency: and 

summing module that sum the fitst and second mixed fje4ucacics Lu produce the partial 
feedback frequency. 

6. (original) The fractional-N syntliesi^ex uf vlaiiii 3, wherein the second feedback path 
further comprises: 

quadratiiie n\odule upcmbi}/ coupled to produce an I component and a Q component of 
the output frequency; 

second selectable divider dial divides the T and Q components of the output frequency by 
selected divisor to produce a reference I frequency and a reference Q frequency; 

I mixer operdbly coupled to mix the reference I frequency with the I component of the 
output frequency to produce a first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency with the Q component of the 
output frequency to produce a second mixed frequency; and 

summing module that sum the first and second mixed frequencies to produce the partial 
feedback frequency. 
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7. (original) The fractional-N synthesizer of claim 3, second feedback path further 
uuiupri^jcis: 

quadrature module operably coupled to produce an I component and a Q component of 
the output jfirequency; 

second selectable divider that divides I and Q components of the reference frequency by 
selected divisor to produce a reference I frequency and a reference Q frequency; 

I mixer operably coupled to mix the reference I frequency with the I component of the 
output frequency to produce a first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency with the Q component of the 
output fi^equency to produce a second mixed frequency; and 

summing module that sum the first and second mixed frequencies to produce the partial 
feedback frequency. 

8. (original) The fractional-N synthesizer of claim 3 fiirther comprises: 

controller operably coupled to the configurable feedback path, wherein the controller 
determmes when the fractional value of the divider value is within the range of fractional 
values, wherein the controller determines the modified fractional value and the modified 
integer value when the fractional value of the divider value is not within the range of 
fractional values, and wherein the controller generates a control signal that causes the 
multiplexor to provide the output of the first feedback path or the output of the second 
feedback path as the partial feedback frt^qucncy. 

9. (original) A method for fractional-N synthesis, the method comprises: 
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generating a first feedback frequency from an output frequency based on a fixed divider 
value, a fractional value of a divider value, and an integer value of a divider value, 
wherein the divider value and die fixed divider value indicate a ratio between a reference 
frequency and the output frequency; 

generating a second feedback frequency from the output frequency based on a selectable 
divider value, a modified fractional value of the divider value, and a modified integer 
value of the divider value; 

utilizing the first feedback frequency to produce the output frequency when the fractional 
value is within a range of fractional values; and 

utilizing the second feedback frequency to produce the output frequency when the 
fractional value is not within the range of fictional values, 

10. (original) The method of claim 9, wherein the generating the first feedback fitxiuency 
fiirfher comprises: 

generating a first partial feedback frequency by dividing tlie output firequency by a fixed 
divider value; 

Sigma delta modulating the fractional value to produce a digital reference signal; 

summing the digital reference signal with the integer vahic to pmHnre a divider signal; 

dividing the first partial feedback frequency in accordance mth the divider signal to 
produce the first feedback frequency. 

IL (original) The method of claim 9, wherein the generating the second feedback 
frequency fiuther comprises: 
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dividing the output frequency by a fixed integer value to produce au I corajwnent and a Q 
component of the output frequency; 

dividing the I and Q components of the output frequency by the selectable divider value 
to produce a reference I frequency and a reference Q frequency; 

mixiJig the re ference I frequency wi th the I component of the output frequency to produce 
a first mixed frequency; 

mixing the reference Q frequency with the Q component of the output frequency to 
produce a second mixed tirequency; 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the second 
feedback frequency. 

12. (original) The method of claim 1 1 further comprises; 

Sigma delta modulating the modified fractional value to produce a digital reference 
signal; and 

summing the digital reference signal with the modified integer value to produce the 
divider signal. 

13. (original) The method of claim J 2 furtlier comprises: 

determining the modified fractional value based on the selected divider value; and 
determining the modified integer value based on the selected divider value. 

PAGE 8/28*RCVDAT9ra064:35:34PM (Eastern Daylight T^^^^ 



09/08/2086 15:34 9724632078 



BADKINS 



PAGE 09 



8 

14. (original) Tlie nietUod uf claim 9, wherem the generating the second feedback 
frequency fiirther comprises: 

dividing liic reference frequency by a fixed integer value to produce an I component and 
a Q component of the reference frequency; 

dividing the output frequency by a second fixed integer value to produce an I component 
and a Q cornponent of the output frequency; 

mixing the I component of the output frequency with tlie I component of the reference 
frequency to produce a first mixed frequency; 

mixing the Q component of the output frequency witlt the Q component of the reference 
frequency to produce a second mixed frequency; 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the second 
feedback signal. 

15. (original) A method tor Iractional-N synthesis, the method comprises: 

determining a fractional value of divider value, wherein the divider value represents at 
least a portion of a ratio between a reference frequency and an output frequency; 

when the fractional value is outside a range of fractional values, selecting a partial divider 
value; 
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determitiing a modified fractional value and a modified integer value of the di vider value 
based on the partial divider value; 

generating a feedback frequency based on the partial divider value, the modified 
fracLluTial va1ue» and the modified integer value; £uid 

generating the output frequency from the reference frequency and the feedback 
frequency. 

16. (original) The method of claim 15 further connprises: 

when the fractional value is witliin the range of fi-actional values, generating the feedback 
frequency based on a fixed divider value, the jfractional value, and an integer value of the 
divider value, 

17. (original) The method of claim 16, wherein the generating the feedback frequency 
further comprises: 

generating a first partial feedback firequency by dividing the output fi'equency by the 
fixed divider value; 

sigma delta modulating the fractional value to produce a digital reference signal; 

summing the digital reference signal with the integer value to produce a divider signal; 
and 

dividing the first partial feedback frequency in accordance with the divider signal to 
produce the feedback trequency. 

18. (original) The method of claim 15. wherein the generatmg the feedback frequency 
further comprises: 
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dividing the output frequency by a fbi^cd integer value to produce %ui I cuxupojienl and a Q 
component of the output frequency; 

dividing the I and Q components of the output jfrequency by the partial divider value to 
produce a reference I frequency and a reference Q frequency; 

mixing the reference I frequency with the 1 component of the output frequency to produce 
a first mixed frequency; 

mixing the reference Q frequency with the g component of the output frequency to 
produce a second mixed frequency; 

summir^ the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the feedback 
frequency, 

19. (original) The method of claim 18 ferther comprises: 

sigma delta modulating the modified fractional value to produce a digital reference 
signal; and 

summing the digital reference signal with the modified integer value to produce the 
divider signal. 

20. (original) The method of claim 15, wherein the generating the feedback frequency 
turther comprises: 
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dividing the reference frequency by a fixed integer value to produce an 1 component and 
a Q component of t*he reference jfircqucncyj 

dividing the output frequency by a second fixed integer value to produce an I component 
and a Q iXniApOiicjul uflhc uutpul fryqiiency; 

ntixing the I component of the output frequency with the T component of the reference 
frequency to produce a first mixed frequency; 

mixing the Q component of the output frequency with the Q component of the reference 
frequency to produce a second mixed frequency; 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the second 
feedback signal. 

2L (original) A fractional-N synthesizer comprises: 
processing module; and 

memory operably coupled to the processing module, wherein the memory includes 
operational instructions that cause the processing module to: 

generate a first feedback frequency from an output frequency based on a fixed divider 
value, a fractional, value of a divider value, and an integer value of the divider value, 
wherein the divider value and the fixed divider value indicate a ratio between a reference 
frequency and the output frequency; 
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generate a second feedback frequency from the output frequency based on a selectable 
divider value, a mudint;d iraclioiial value uf iLe divider vsiluc, acid a luudificd inltsger 
value of the divider value; 

utilize the first feedback frequency to produce the output frequency when the fractional 
value is within a range of fractional values; and 

utilize the second feedback firequency to produce the output frequency when the 
fractional value is not within the range of fractional values. 

22. (origj.nal) The fractional-N synthesizer of claim 21, wherein the memory further 
comprises operational instructions that cause the processing module to generate the first 
feedback frequency by: 

generating a first partial feedback frequency by dividing the output frequency by a fixed 
divider value; 

Sigma delta modulating the fractional value to produce a diji^ital reference signal; 

summing the digital reference signal with the integer value to produce a divider signal: 

dividing the first partial feedback frequency in accordance with the divider signal to 
produce the tirst feedback frequency. 

23. (original) The fractional-N synthesizer of claim 21, wherein the memory further 
comprises operational instructions that cause the processing module to generate the 
second feedback frequency by: 

dividing the output frequency by a fixed integer value to produce an I component and a Q 
component of tlie output frequency: 
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dividing the I and Q components of the output frequency by the selectable divider value 
to produce a reference I frequency and a reference Q frequency; 

mixing the reference I frequency with the I component of tlie output frequency to produce 
a first mixed frequency; 

mixing the reference Q frequency with the Q component of the output frequency to 
px'uducc it iiccuud mixtfd frequency; 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
aixd 

dividing the partial feedback frequency based on a divider signal to produce the second 
feedback frequency. 

24- (original) The fractional-N synthesizer of claim 23, wherein the memory further 
comprises operational instructions that cause the processing module to: 

sigma delta modulate the modified fractional value to produce a digital reference signal; 

sum the digital reference signal with the modified integer value to produce the divider 
signal. 

25. (original) The fimctional-N synthesizer of claim 24, wherein the memory further 
comprises operational instructions that cause the processing module to; 

determine the modified fractional value based on the selected divider value; and 

determine the modified integer value based on the selected divider value. 
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26, (original) The fractional-N synthesizer of claim 21, wherein the memoiy further 
comprises operational instructions thot cause the processing module to generate the 
second feedback jfrequency by: 

dividing the reference frequency by a fixed integer value lu produce an I component and 
a Q component of the referenee frequency; 

dividing the output frequency by ti second fixed integer value to produce an I component 
and a Q component of the output frequency; 

mixing the I compoiiejit of the output Ircquency with the I component of the reference 
frequency to produce a first mixed frequency; 

uxlAiiig die Q component of the output frequency wjth the Q component of the reference 
frequency to produce a second mixed frequency; 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the second 
feedback signal. 

27. (original) A fracrional-N synthesizer comprises: 
processing module; and 

memory operably coupled to the processing module, wherein the memory includes 
operational instructions that cause the processing module to: 

determine a fractional value of divider value, wherein the divider value represents at least 
a portion of a ratio between a reference frequency and an output frequency; 
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when the fractional value is outside a i ztugc of CrucLiorial values, select a panlal divider 
value; 

deLennine a modified fractional value and a fnodified integer value of the divider value 
based on the partial divider value; 

generate a feedback firequency based on the partial divider value, the moditied iractional 
value, and the modified integer value; and 

generate the output frequency from the reference frequency and the feedback frequency. 

28, (original) The fractional-N synthesizer of claim 27, wherein the memory further 
comprises operational mstructions that cause the processing tnodule to: 

when the fractional value is within the range of ti-actional values, generate the feedback 
frequency based on a fixed divider value, the fractional value, and an integer value of the 
divider value. 

29. (original) TTie fractional-N synthesister of claim 28, wherein the memory further 
comprises operational instructions that cause the processing module to generate the 
feedback frequency by: 

generating a first partial feedback j&equency by dividing the output frequency by the 
fixed divider value; 

slgma delta modulating the firactional value to produce a digital reference signal; 

summing the digital reference signal with the integer value to produce a divider signal; 
and 
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dividing the first partial feedback frequency m accordance with the divider signal to 
produce the feedback frequency. 

30. (original) The fractional-N synthesizer of claim 27, wherein the memory further 
(;uxiipn£>c5 upcruliuiiai in^itrucLium (hat cause the processing module to generate the 
feedback frequency by: 

dividing Lhe oulpul frequKncy by a fixed integer value to produce an I component and a Q 
component of the output frequency; 

dividing Ifie I and Q components of the output frequency by the partial divider value to 
produce a reference I frequency and a reference Q frequency; 

mixing the reference I frequency with the I component of the output frequency to produce 
a first mixed frequency; 

mixing the reference Q frequency with the Q component of the output frequency to 
produce a second mixed frequency; 

summing the first and second mixed firequencies to produce a partial feedback frequency; 
and 

dividing the partial feedback frequency based on a divider signal to produce the feedback 
frequency. 

3L (origlnaJ) I he tractional-N synthesizer of claim 30, wherein the memory flirther 
comprises operational instructions that cause the processing module to: 

Sigma delta modulate the modiJied tractional value to produce a digital reference signal; 
and 
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sum the digital reference signal with the modified integer value to producie the divider 

32» (original) The fractional-N synthesizer of claim 27, wherein the memory further 
comprises operational instructions that cause the processing module to generate the 
feedback frequency by: 

dividing the reference frequency by a fixed integer value to produce an I component and 
a Q component of the reference frequency; 

dividing the output frequency by a second fixed integer value to produce an I component 
and a Q component of the output frequency; 

mixing the I component of the output irequcncy with the I component of the reference 
frequency to produce a first mixed frequency; 

mixing the Q component of the output frequency with the Q component of the reference 
frequency to produce a second mixed frequency: 

summing the first and second mixed frequencies to produce a partial feedback frequency; 
and 

dividing tlie partial feedback frequency based on a divider signal to produce the second 
feedback sign^L 

33. (original) An integrated radio comprises: 

radio frequency receiver section opcrably coupled to receive an inbound radio frequency 
signail and a clock signal, wherein the radio frequency receiver section converts the 
inbound radio frequency signal into an inbound intermediate frequency fiigii;^! ; 
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radio frequency transmitter section operably coupled to receive an outbound intermediate 
frequency signal and the clock signal, vNrtierein the radio iBrcqucncy transmitter sectiun 
converts the ou*ound intermediate frequency signal into an outbound radio frequency 

signal; 

oscillation module operably coupled to produce a reference frequency; 
local oscillator that includes: 

sutnming module; 

divider module; 

a fractional-N synthesizer that includes: 

forward path operably coupled to produce an output frequency from the 
reference frequency and a feedback reference trequency that is based on a 
divider value; 

configurable feedback path operably coupled to produce the feedback 
frequency, wherein the confif^urable feedback path includes: 

first teedback path used to provide the feedback frequency when a 
fractional value of the divider value is within a range of fractional 
values; and 

second feedback path used provide the feedback frequency when 
the fractional value of the divider value is not within the range of 
ftacttonal values, wherein the divider module divides the output 
frequency to produce a divided frequency and wherein the 
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summing module sums the output frequency and the divided 
frequency to produce the clock dtgnat 

34, (origina)) The integrated radio of claim 33 further comprises: 

the radio frequency receiver section operable to convert the inbound radio frequency 
signal into one of a plurality of inbound intermediate frequency signals, wherein the 
plurality of inbound intermediate frequency signals includes the inbound intermediate 
jfrequency signal; and 

the radio frequency transmiuer section operable to conven one of a plurality of outbound 
iiitennediate frequency signals into the outbound radio frequency signal, wherein the 
plurality of outbound intermediate frequency signals includes the outbound intermediate 
frequency signal. 

35. (original) The integrated radio of claim 33, wherein the forward path further 
comprises: 

phase-frequency detector operably coupled to receive the reference frequency and the 
feedback frequency, wherein the phase-frequency detector produces a difference signaJ 
based on the phase-frequency difference between the reference frequency and the 
feedback frequency; 

charge pump operably coupled to receive the difference signal and produce therefrom a 
charge-up signal or a charge-down signal; 

low pass filter operably coupled to filter the char^^e-up signal or the charge-down signal 
to produce a filtered signal; and 

controlled oscillator operably coupled to produce the clock signal based on the filtered 
signal. 
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36. (original) The integrated radio of claim 33, wherein the configurable feedback path 
fiirther comprises: 

sigma delta modulator operably couple to receive the tractional value or a modified 
fractional value and produce therefrom a reference digital signal; 

summing module operably coupled to sum the reference digital signal with an integer 
vahie of the divider value or a modified integer value to produce a first divider select 
signal; 

midtiplexor opftrahly coupled to provide an output of the first feedback path as a partial 
feedback frequency when the fractional value of the divider value is within the range of 
fractional values and to provide an output of the second feedback path as the partial 
feftdhack frequency when the fractional value of the divider value is not within die range 
of fractional values; and 

selectable divider operably coupled to produce the feedback frequency from the partial 
feedback frequency based on the first divider select signal. 

37. (original) The integrated radio of claim ^6, wherein the first feedback path fiirther 
comprises: 

a fixed divider that divides the clock signal by a fixed integer value to produce the partial 
feedback frequency, 

38. (original) The integrated radio of claim 37, wherein the fixed dividftt divides the 
clock signal by a fixed integer value to produce an I component and a Q component of 
the output frequency, wherein the second feedback path further comprises; 
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second selectable divider that divides the T and Q components of tlie clock signal by a 
selected divisor to produce a reference 1 frequency and a reference Q frequency; 

T mixer operably coupled to mix the reference I frequency with the I component of the 
clock signal to produce a first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency xvith the Q component of the 
clock signal to produce a second mixed frequency; and 

summing module that sum the first and second mixed frequencies to produce the partial 
feedback frequency. 

39. (original) The integrated radio of claim 36, wherein the second feedback path further 
comprises: 

quadrature module operably coupled to produce an I component and a Q component of 
the clock signal; 

second selectable divider that divides the I and Q components of the clock signal by 
selected divisor to produce a reference 1 frequency and a rcfcrcncc Q frequency; 

1 mixer operably coupled to mix the reference I frequency with the I component of the 
clock signal to produce a first mixed frequency; 

Q mixer operably coupled to mix the reference Q frequency with the Q component of the 
clock signal to produce a second mixed frequency; and 

suiuming module that sum the first and second mixed frequencies to produce the partial 
feedback frequency. 

40. (original) The integrated radio of claim 36, second feedback path ftuther comprises: 
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quadrature module operably coupled to produce an 1 component and a Q component of 
the reference frequency; 

second selectabl e divider that divides the T and Q components of the reference frequency 
by selected divisor to produce a reference 1 frequency and a reference Q j&equency; 

I mixer operably coupled to mix the reference I frequency with the 1 component of the 
clock signal to produce a first tnixed frequency; 

Q mixer operably coupled to naix the reference Q frequency with the Q coroponent of the 
clock signal to produce a second mixed frequency; and 

summing module that sum the first and second mixed frequencies to produce the partial 
feedback frequency. 

41. (original) The inte^ated radio of cjaim 36 fiirther comprises: 

controller operably coupled to the configurable feedback path, wherein the controller 
determines when the fi:actional value of the divider value is within the range of fractional 
values, wherein the controller determines the modified fractional value and the modified 
integer value when the fractional value of the divider value is DOt within the range of 
fractional values, and wherein the controller generates a control signal that causes the 
multiplexor to provide the output of the first feedback path or the output of the second 
feedback path as the partial feedback frequency. 
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